Histone deacetylase (HDAC) 6 is a subtype of the HDAC family; it deacetylates a-tubulin and increases cell motility. Here, we investigate the impact of an alteration of HDAC6 expression in estrogen receptor a (ER)-positive breast cancer MCF-7 cells, as we identified that HDAC6 is a novel estrogen-regulated gene. MCF-7 treated with estradiol showed increased expression of HDAC6 mRNA and protein and a four-fold increase in cell motility in a migration assay. Cell motility was increased to the same degree by stably transfecting the HDAC6 expression vector into MCF-7 cells. In both cases, the cells changed in appearance from their original round shape to an axon-extended shape, like a neuronal cell. This HDAC6 accumulation caused the deacetylation of a-tubulin. Either the selective estrogen receptor modulator tamoxifen (TAM) or the pure antiestrogen ICI 182,780 prevented estradiol-induced HDAC6 accumulation and deacetylation of a-tubulin, leading to reduced cell motility. Tubacin, an inhibitory molecule that binds to the tubulin deacetylation domain of HDAC6, also prevented estradiol-stimulated cell migration. Finally, we evaluated HDAC6 protein expression in 139 consecutively archived human breast cancer tissues by immunohistochemical staining. The prognostic analyses for these patients revealed no significant differences based on HDAC6 expression. However, subset analysis of ERpositive patients who received adjuvant treatment with TAM (n ¼ 67) showed a statistically significant difference in relapse-free survival and overall survival in favor of the HDAC6-positive group (Po0.02 and Po0.05, respectively). HDAC6 expression was an independent prognostic indicator by multivariate analysis (odds ratio ¼ 2.82, P ¼ 0.047). These results indicate the biological significance of HDAC6 regulation via estrogen signaling.
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Introduction
Endocrine therapy prolongs the disease-free period after breast cancer surgery. The estrogen receptor a (ER) is the most reliable marker for selecting antiestrogen treatment, but about 30-40% of ER-positive cancers do not respond to tamoxifen (TAM) (Ravdin et al., 1992; Osborne, 1998; Goldhirsch et al., 2001) . Since the progesterone receptor (PR) is the typical downstream target of activated ER, the expression of PR with ER has been thought to predict the effect of antiestrogen therapy (Clark et al., 1983; Bardou et al., 2003) . The accumulated data and recent progress with neo-adjuvant endocrine therapy, however, suggest that this paradigm is not always predictive (EBCTCG, 1998; Ellis et al., 2001) .
Many investigators have been searching for estrogenregulated genes (ERGs), other than PR, that would indicate the presence of active estrogen-signaling pathways and provide a predictive value for endocrine therapy (Ciocca and Elledge, 2000) . To identify other novel ERGs that could be used as a panel for predicting the efficacy of endocrine therapy for ER-positive tumors, we previously performed screening cDNA microarray analysis followed by focused array in an ER-positive breast cancer cell line, MCF-7 (Inoue et al., 2002) . Among 10 genes identified as promising factors in estrogen biology, we selected one, histone deacetylase 6 (HDAC6), for further analysis.
HDAC6 was originally cloned as a member of the histone deacetylase family reportedly expressed in several tissues including the testis, liver, and brain (Grozinger et al., 1999; Verdel and Khochbin, 1999) . It was later shown, however, that HDAC6 is a deacetylase for tubulin (Hubbert et al., 2002) . Hubbert et al. and others also showed that HDAC6 enhances cell motility through the deacetylation of a-tubulin, indicating that HDAC6 is related to cell migration rather than to transcriptional regulation (Hubbert et al., 2002; Haggarty et al., 2003; Palazzo et al., 2003) . In addition, a recent report showed that HDAC6 is also related to the transport of misfolded protein in the proteasome system (Kawaguchi et al., 2003) . Although concerns about HDAC6 in cell biology have increased, there are no reports showing the regulation of HDAC6 in human tissues and its direct link to disease.
In this paper, we report the importance of HDAC6 expression in ER-positive breast cancer MFC-7 cells and its predictive power in the treatment of human breast cancer patients.
Results

HDAC6 as an estrogen-regulated gene in MCF-7 cells
We previously reported that HDAC6 was identified as an estrogen-regulated gene by cDNA microarray analysis in the estradiol-treated ER-positive breast cancer cell line MCF-7 (Inoue et al., 2002) . In Northern blotting analysis, the expression of HDAC6 mRNA increased slightly 12 h after adding 1 nM estradiol to the cells in culture and reached significant levels after 72 h (Figure 1 ). In this regard, HDAC6 is considered a late response gene that may be regulated secondarily by estrogen-regulated products.
In Western blotting analysis, we detected a slight increase of HDAC6 protein at 48 h after the addition of estradiol and a significant accumulation at 72 h ( Figure 2a and b, Po0.01). The expression level of HDAC6 was not changed at 96 h or later (data not shown), indicating that we may categorize HDAC6 as an 'estrogen-maintaining gene' in MCF-7 cells. Since we found that estradiol induced HDAC6 expression dosedependently, and that 1 nM is sufficient to induce HDAC6 protein (data not shown), we used 1 nM of estradiol for further studies. Conversely, the ERnegative breast cancer cell line MDA-MB 231 expressed HDAC6 protein constitutively without any effect from estradiol.
Phenotype of a stable transformant of MCF-7 cells overexpressing HDAC6
To elucidate the biological significance of HDAC6 expression in breast cancer cells, we established two stable transformants of MCF-7 cells that overexpress HDAC6 protein (MCF-7/HDAC6) and a control transformant having a vector without HDAC6 cDNA (MCF-7/CMV). MCF-7/HDAC6 clone 7 expresses a remarkable amount of HDAC6 in the absence of estradiol, and clone 1 expresses an amount of HDAC6 slightly higher than its parent (Figure 4c, 1st panel) .
Under a phase-contrast microscope, the appearance of clone 7 cells is changed from the round shape of the control transformant MCF-7/CMV to an axon-extended shape resembling neuronal cells (Figure 3, 1st and 3rd panel) . Estradiol treatment for 72 h to MCF-7/ CMV could induce the same type of appearance Figure 1 Northern blotting of HDAC6 mRNA in MCF-7 cells after the addition of estradiol. MCF-7 cells were grown in estrogenstarved media and treated with 1 nM estradiol for the periods specified. In all, 20 mg of total RNA was prepared from each cell culture and hybridized with HDAC6 and b-actin probes A migration assay was performed to determine how cell motility was changed by HDAC6 introduction to breast cancer cells. As shown in Figure 4a , cells passing through the small pores of the membrane were stained with Giemsa solution, and counted under a microscope. Clearly, more of the clone 7 cells could pass through the membrane than could the MCF/CMV cells under estradiol-deprived conditions. Figure 4b shows the result of the migration assay, and Figure 4c shows representative pictures of Western blotting under conditions identical to those of the migration assay. There is a tendency that cells with higher levels of HDAC6 expression had greater migratory ability in this assay than did cells with lower expression levels. Immunoblots prepared with two independent monoclonal antibodies revealed that the relative amount of acetylated a-tubulin (Figure 4c , 2nd panel) to total a-tubulin (3rd panel) was inversely correlated with the expression of HDAC6. Since this correlation was true for both stable clones and the control MCF-7 cells treated with estradiol, HDAC6 seems to directly affect the acetylation status of atubulin and to enhance cell motility.
Antiestrogen drugs reduce cell motility with the inhibition of HDAC6 expression
To observe the effects of antiestrogens on cell motility and changes in HDAC6 expression, we treated MCF-7 cells with a selective estrogen modulator, TAM, and pure antiestrogen ICI 182,780 (ICI). Figure 5a shows the results of a migration assay under the indicated conditions. Estradiol pretreatment to MCF-7 cells enhanced cell-migration ability, as shown in this paper, and cotreatment with TAM or ICI inhibited the cell motility induced by estradiol in a dose-dependent manner. By Western blotting analysis, both TAM and ICI were shown to reduce estradiol-induced HDAC6 expression and restore the acetylation status in a-tubulin (Figure 5b ). Treatment with TAM or ICI alone induced no remarkable changes in migration activity, or in the expression of HDAC6 and acetylated-a-tubulin (data not shown).
Tubacin, a small molecule inhibiting HDAC6 activity, reduced estrogen-induced cell motility From these results, not only the regulation of HDAC6 expression but also alteration of the HDAC6 function itself should be therapeutic targets in ER-positive breast cancer. As a pilot study to explore the possibility of an HDAC6 modulator as a therapeutic drug, we utilized tubacin, which is a small synthesized molecule that binds only to the catalytic domain for tubulin deacetylation but not to that for histone deacetylation of HDAC6 (Haggarty et al., 2003) . Haggarty et al. reported that tubacin does not affect the level of histone acetylation, nor the rate of cell-cycle progression and related gene expression.
In the migration assay, 2 mM tubacin could reduce the cell motility to about 40% that of estradiol-treated MCF-7 cells, and 20 mM was required for complete inhibition ( Figure 6 ). When coadministrated with a minimum dose of pure antiestrogen ICI, tubacin showed potent inhibiting activity at a lower dose. The combination of 0.001 mM ICI with 2 mM tubacin acted synergistically. Figure 6 Tubacin, a specific inhibitor that binds to the catalytic domain of tubulin deacetylase of HDAC6, inhibits migration activity of estradiol-stimulated MCF-7 cells. Cells were first grown under the indicated drug conditions for 72 h, and then subjected to migration assay. Results are the percent inhibition when the mean value obtained in the estradiol (E2) alone condition is designated as 100%. The experiment for each condition was performed with three membranes, and in duplicate. Means7s.d. were calculated from six individual results
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Immunohistochemical evaluation of HDAC6 in breast cancer samples
Immunohistochemical analysis of paraffin-embedded sections from 139 consecutive breast cancer patients was conducted with a rabbit anti-HDAC6 antibody, which was also used for the Western blotting analysis. Since the antigen peptide for this antibody was not available, normal rabbit serum was used as the control (Figure 7a and b) . Differing from other HDACs, HDAC6 signals were observed exclusively in the cytoplasm of cancer cells (Figure 7a ), as previously reported in A549 cells and NIH-3T3 cells with an exogenously transfected HDAC6 expression vector (Hubbert et al., 2002; Haggarty et al., 2003; Palazzo et al., 2003) . The signals for HDAC6 were scored by intensity (0-3 þ ) and evaluated as described in Materials and methods. Photo micrographs a, e, and c in Figure 7 are of representative cases with scores of 3 þ , 2 þ , and 1 þ , respectively. The expressions of ER ( Figure 7d ) and PR (f) were also re-evaluated in serially sectioned slides and compared with the expression of HDAC6 (e). There was no statistically significant correlation between each comparison and with the clinico-pathological findings (Table 1 , left lane). It is noteworthy, however, that ER-negative patients had more frequent HADC6 positivity, since MDA-MB 231 cells constitutively expressed HDAC6 protein in Western blotting.
Correlation between HDAC6 expression and the patient prognosis
We next assessed the correlation between the expression of HDAC6, relapse-free survival, and overall survival curves of patients by using the Kaplan-Meier method. We tried various cutoff points and determined that an intensity score of 1 or more was the only clinically meaningful cutoff point for defining HDAC6 positivity.
The initial analysis was performed for all patients whose clinico-pathological characteristics and HDAC6 expression levels are listed in Table 1 . There was no significant difference between the prognosis of HDAC6-positive and -negative groups (Figure 8a) .
When the subset analysis was based on patients with ER-positive tumors (n ¼ 82), the HDAC6-positive group showed a better prognosis in terms of relapse-free (Po0.05) and overall survival (P ¼ 0.06, not statistically significant). These results suggested that HDAC6-positive patients might benefit more from antiestrogen treatment, because TAM could reduce the expression of HDAC6 in the cell study ( Figure 5 ). Therefore, we focused on the population of ER-positive patients who received TAM as adjuvant therapy for at least 2 years (median period of administration: 33.8 months, n ¼ 67, Table 1 ). Patients with HDAC6 expression showed a significantly favorable prognosis in relapse-free (Po0.02) and overall survival (Po0.05).
In addition, multivariate analyses with the Cox proportional hazard model showed that HDAC6 expression was a significant predictive factor for relapsefree survival in this group (odds ratio ¼ 2.82, P ¼ 0.047) as well as lymph node involvement (3.85, P ¼ 0.01) ( Table 2 ). In the ER-negative population, we could not see statistical differences in the relapse-free or overall survival curves based on HDAC6 expression due to patient bias in HDAC6 positivity; however, it is noteworthy that recurrence was reported in one of nine HDAC6-negative patients and in 20 of 46 HDAC6-positive patients (data not shown).
Discussion
We have shown that the expression of HDAC6 is regulated by estradiol in the ER-positive breast cancer cell, MCF-7. The upregulation of HDAC6 in MCF-7 cells caused morphological changes, and enhanced migration ability through the deacetylation of a-tubulin. These findings were similar whether HDAC6 was exogenously introduced by an expression vector or endogenously induced by estradiol treatment. Antiestrogens, such as ICI and TAM, downregulated the expression of HDAC6 and reduced cell motility. A specific functional inhibitor for HDAC6, tubacin, also reduced cell motility. In human breast cancer samples, patients with positive HDAC6 expression had a significantly favorable prognosis when their tumors expressed ER and they received TAM as their adjuvant therapy. It is probable that the inhibition of HDAC6 by TAM could provide more benefit to patients whose tumors originally expressed HDAC6.
At the beginning of our project, we selected HDAC6 as a promising candidate from estrogen-regulated genes previously identified by microarray screening, since the HDAC family contributes to histone-chromatin remodeling, which directly regulates the transactivating function of nuclear receptors (Wade, 2001 ). However, Hubbert et al. (2002) showed that HDAC6 was a tubulin deacetylase, thus differing from other HDAC members. Since the deacetylation of a-tubulin directly affects cell motility (Palazzo et al., 2003) , these findings highlighted a novel aspect that HDAC6 might be an important regulator of cell motility, especially in ER-positive breast cancer.
As expected, Western blotting analysis showed that HDAC6 protein was increased by estradiol ( Figure 2 ). This induction takes 72 h for maximum accumulation in both mRNA and protein levels. Since the expression of HDAC6 was maintained thereafter, we suggest that HDAC6 is an estrogen-maintaining gene in MCF-7 cells. On the other hand, a representative ER-negative cancer cell, MDA-MB 231, also expressed a reasonable amount of HDAC6 irrespective of estradiol supplementation, indicating the presence of a different regulatory mechanism for HDAC6 in ER-negative cells. These observations were consistent with the results of immunohistochemical analysis in human breast cancer archives. HDAC6 positivity was more frequent in ERnegative tumors than in ER-positive tumors (Table 1) .
After establishing stable clones with an HDAC6-expressing vector, we analysed the effect of HDAC6 overexpression in breast cancer cell biology. Exogenously or endogenously introduced HDAC6 contributes to the enhancement of breast cancer cell motility (Figure 4) . Interestingly, there is no remarkable change between control transformant MCF-7/CMV and MCF-7/HDAC6 clones from a proliferative aspect, as evaluated by cell counting and MTT assay (data not shown), indicating that HDAC6 itself has no effect on cell proliferation. This finding is consistent with the timing of HDAC6 induction by estradiol in MCF-7, since cells have already entered the logarithmic proliferation phase at 72 h after estradiol stimulation, and downstream products at this phase should not directly affect cell proliferation.
In contrast, the morphological changes of the MCF-7/HDAC6 transformants were remarkable. The introduction of HDAC6 changed the appearance of MCF-7 cells to a narrow, extended cell body, similar to a neuronal cell. These changes in morphology seemed to provide an advantage for MCF-7/HDAC6 clones in passing through the small pores of the membrane in the migration assay. Estradiol supplementation to MCF-7 cells caused similar morphological changes. Antiestrogens, such as TAM and ICI inhibited estradiol-induced 
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HDAC6 accumulation and maintained the acetylation status of a-tubulin ( Figure 5 ). Since the HDAC6 status as confirmed by Western blotting was compatible with the migration assay, it is reasonable to consider that patients treated with antiestrogen agents could achieve a partial survival benefit through the inhibition of HDAC6 expression. When HDAC6 was found to be an estrogen-regulated gene, our research group planned three independent studies at three institutes to evaluate whether HDAC6 expression could be a predictive factor for breast cancer patients. Yoshida et al. (2004) found that higher levels of HDAC6 expression correlated with a poor prognosis in ER-positive patients by means of immunohistochemistry (IHC). On the contrary, we have shown by IHC, and Zhang et al. (2004) by IHC and real-time RT-PCR, that positive HDAC6 expression predicted better prognoses in ER-positive tumors. During the discussion about the discrepancy between these results, we noticed the differences of adjuvant endocrine treatment in each study. Patients in Zhang's study and ours were medicated with the standard schedule of TAM, 20-30 mg daily for 5 years, unless recurrence emerged. Whereas in Yoshida's study, the majority of patients took 20-60 mg of TAM during 1 month out of every 3-4 months for 5 years, in accordance with the clinical trial at that time. This difference in TAM medication provided us with the rationality for the discrepancy between Yoshida's study and the two others. HDAC6 should basically contribute to an aggressive phenotype, as shown by our cell study in this paper, and expression of HDAC6 correlates with a poor prognosis, unless patients are exposed to TAM continuously. Nevertheless, if patients are treated with antiestrogens in a standard fashion, the expression of HDAC6 in ERpositive tumors should be downregulated by the longterm continuous exposure to antiestrogens and, according to this contribution, those patients seem to have more benefit in survival from antiestrogen treatment as compared with those lacking HDAC6 expression.
As we experienced in the development of trastuzmab for Her2-positive breast cancer (Slamon et al., 2001) , treatment of the worst prognostic factor has a high impact on patient survival. Since HDAC6 has the same characteristics in terms of prognostic factor for patients and predictive factor for treatment, as explained above, the regulation of HDAC6 should be an important treatment strategy. We have, therefore, (Haggarty et al., 2003) . Treatment with tubacin reduced the cell motility of MCF-7 cells in a dose-dependent manner ( Figure 6 ). Moreover, a combination of tubacin with pure antiestrogen ICI showed synergistic inhibition for estradiol-stimulated cell motility. For further development of the HDAC6-targeting therapy, we are currently trying to establish more effective small molecules that can work at physiological doses. In addition, the therapeutic utility of HDAC6 alterations in ER-negative breast cancer, and the search for optimal partners as chemotherapy or endocrine drugs are further subjects that need to be defined.
Materials and methods
Cell culture medium and drugs
In all experiments reported in this paper, we used estrogenstarved media, which consisted of phenol red-free medium and dextran-coated charcoal-treated fetal bovine serum or fetal calf serum (FCS). 17b-Estradiol and 4-hydroxy TAM were purchased from Sigma (St Louis, MO, USA), and ICI was supplied by Astra Zeneca. Tubacin, a specific inhibitor that binds to the catalytic domain of tubulin deacetylase of HDAC6, was synthesized in Dr Schreiber's laboratory and provided to us for this project (Haggarty et al., 2003) .
Northern blot analysis
MCF-7 cells were grown in estrogen-starved media for 5-7 days and treated with 1 nM 17b-estradiol. Total RNA was prepared from each cell culture according to the method of Chomczynski and Sacchi (1987) . For each sample, 20 mg of total RNA was used for Northern analysis. DNA fragments (C-terminal 1.4 kb) for hybridization probes were prepared from full-length HDAC6 cDNA kindly supplied by Dr Schreiber (Grozinger et al., 1999) . The primers for b-actin were described previously (Inoue et al., 2002) . Labeling of the probes and hybridization were performed as described previously (Inoue et al., 2002) .
Stable transfection
The HDAC6 expression vector, pRC/CMV-HDAC6, was constructed by recombination of pRc/CMV-ERb (Omoto et al., 2001 ) with full-length HDAC6 cDNA, kindly supplied by Dr Schreiber (Grozinger et al., 1999) . MCF-7 cells were transfected with pRC/CMV-HDAC6 or a control vector pRC/ CMV (lacking the HDAC6 sequence) with TransIT LT-1 reagent (Takara, Japan). After 1 day of culture, the cells were grown in fresh RPMI 1640 supplemented with 10% FCS containing 1 mg/ml of G418 for 10 days. Isolated colonies were trypsinized in metal ring cups, and the cells were further cultured in the presence of 200 mg/ml G418. Although several stable clones were established, clone 7, which had the most abundant HDAC6 protein expression in Western blotting, clone 1 as a slightly introduced transformant, and the control transformant MCF-7/CMV were used for further experiments.
Western blotting
Western blot analysis was performed as previously described (Saji et al., 2002) . Briefly, samples of 100 mg of cell extract, taken from cells stimulated with estradiol and/or indicated drugs, were subjected to SDS-PAGE in 7.5% acrylamide gels and proteins were transferred onto a PVDF membrane (Millipore, Bedford, MA, USA). Blots were probed with primary anti-HDAC6 rabbit polyclonal antibody (H-300, 1/500, Santa Cruz Biotech, Santa Cruz, CA, USA), anti-a-tubulin monoclonal antibody (B-5-1-2, 1/2000, Sigma, St Louis, MO, USA), anti-acetylated a-tubulin monoclonal antibody (6-11B-1, 1/2000, Sigma), and anti-b-actin monoclonal antibody (1/2000, Sigma). The secondary antibodies were anti-rabbit or anti-mouse IgG horseradish peroxidaselinked whole antibody (1/1000-1/3000, Amersham Pharmacia Biotech, Piscataway, NJ, USA). Detection was performed by using an ECL-plus reagent (Amersham). Consistent sample loading in each well was confirmed by reblotting with b-actin antibody on the membrane used for HDAC6, a-tubulin, and acetylated atubulin detections.
Migration assay
A transwell migration assay was performed as described previously (Malinda et al., 1999) . In brief, after 72 h of treatment with the indicated drug and/or estradiol, cells were plated at 5 Â 10 6 (12 Â 10 6 for the inhibition studies shown in Figures 5 and 6 ) cells per upper chamber together with serumfree RPMI 1640 medium (for the tubacin study, medium with tubacin), and 10% calf serum was placed in the lower chamber. Membrane inserts (8.0 mm; Kurabo, Osaka, Japan) were coated with 0.3 mg/ml of collagen I (CELLGEN, Koken, Tokyo, Japan). After incubation for 24 h at 371C, the cells on the upper surface of the membrane were removed by wiping with a cotton swab. The cells on the lower surface were then fixed with cold 70% ethanol and stained with Giemsa solution. Motility was quantified by counting the cells that had migrated to the undersurface. For each membrane, five random fields were counted under a light microscope at a magnification of Â 100, and the mean value was used as the result of each membrane. The experiment for each condition was performed with three membranes, and in duplicate. Therefore, the data shown in Figures 4b, 5 , and 6 were means7s.d. from six individual results.
Human breast cancer samples
Samples were obtained from consecutive primary breast cancer patients undergoing partial or total mastectomy with axillary dissection in Tokyo Metropolitan Komagome Hospital from 1992 to 1994. Informed consent was obtained regarding the use of resected tumors for research purposes. All patients enrolled had prognostic data for at least 5 years (median follow-up: 72.7 months) and the clinico-pathological findings are listed in Table 1 . CAF consisted of six cycles of injections of cyclophosphamide (CPA) 600 mg/m 2 , Adriamycin 40 mg/m 2 , and 5-FU 600 mg/m 2 starting on day 1, and repeated every 3 weeks. CMF consisted of 14 days of CPA 100 mg, methotrexate 40 mg/m 2 , and 5-FU 600 mg/m 2 on day 1 and day 8, and repeated every 4 weeks for a total of six cycles. Other patients were treated daily with Doxifluridine 800 mg or Tegafur/Uracil 600 mg for 1-2 years.
Adjuvant endocrine therapy was given to a subpopulation of patients by administering 20 mg of TAM for 5 years, unless the cancer recurred, which in a few cases was combined with an LH-RH analog for 2 years. Patients who received at least 2 years of TAM therapy were enrolled to evaluate ER-positive patients who received TAM (median period of administration: 33.8 months).
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IHC
Formaldehyde-fixed, paraffin-embedded samples were serially cut into 4 mm sections for staining. Antigens were retrieved by boiling the sections in 0.01 M citric buffer (pH 6.0) for 30 min. The primary antibodies were 1D5 for ERa, PgR636 for PR (Dako, Kyoto, Japan), and H-300 for HDAC6 (1/50, Santa Cruz Biotech, Santa Cruz, CA, USA). Since the antigen peptide for HDAC6 antibody was not available, normal rabbit serum was used as a control antibody for the HDAC6 study (Figure 6a and b) . Other procedures for staining were as previously reported (Saji et al., 2002) . When 5% or more of tumor cells showed nuclear staining, we considered them positive for ERa and PR. Since HDAC6 signals were generally observed throughout entire portions of the malignant ductal component, we evaluated the most intense signals in the whole slide as the intensity score (IS) 0-3. After careful evaluation of each cutoff point in comparison with the clinical data, we determined that an IS rating of 1 or more was considered positive for HDAC6 staining.
Statistical analysis
Depending on the tumor characteristics of each group, comparisons were made by using the w 2 -square test or Fisher's probability test. The distributions of relapse-free survival and overall survival were calculated by the Kaplan-Meier method. The significance of the differences between the survival curves was tested by the log-rank test. These evaluations and multivariate analyses with the Cox proportional hazard model were performed with StatView software (SAS Institute, SAS Campus Drive, Cary, NC, USA). Po0.05 was considered statistically significant.
